ABSTRACT
INTRODUCTION
Exacum ritigalensis (Binara) is an indigenous wild plant that belongs to the family Gentianaceae and tribe Exaceae. Together with 64 species are dispersed around the Indian Ocean Basin, Africa, Madagascar, Socotra, the Arabian Peninsula, Sri Lanka, India, the Himalayas, mainland Southeast Asia including southern China, Malaysia, and northern Australia (Yuan et al., 2005; Sumanasinghe, 2012) . This is an annual erect herb 50 -100 cm in height which produces light blue to dark blue hermaphrodite fl owers with contrasting bright yellow anthers and with shiny green foliage. It has a four sided slender stem with upright branching and is found in moist soil in forest areas. Exacum plant is desirable for horticultural applications because of the beautiful appearance with blue colored fl owers. Chromosome number of Exacum ritigalensis, diploid plant is 28 and tetraploid is 56 (Perera et al., unpublished) .
Binara is distributed in the intermediate wet zone forests of Sri Lanka and it can be found in Kurunegala, Anuradhapura, Kandy and Badulla districts (Trimen et al., 1931) . Six Exacum species from Sri Lanka have been evaluated for horticultural merits in USA and those accessions have shown potential to be improved as pot plants, bedding plants and for cut fl ower production (Riseman and craig, 1995) . Naturally E. ritigalensis is propagated by seeds. Even though large numbers of very small seeds (150-250) are produced within a capsule, germination percentage is less than 10% (20-25 seedlings per capsule) (Riseman et al., 2006) . Conservation of endemic Exacum species is concerned because they are not widespread and may be confi ned only to one or two protected areas. Exacum replanting in natural habitat is not easy because they are adapted only to special environmental conditions and seed of tetraploid plants exists with poor germination ability. Thus, the present study was conducted to develop a simple, rapid, economical, and high frequency micropropagation protocol for diploid and tetraploid plants of E. ritigalensis, to conserve the species as well as introducing it as a potted ornamental plant in fl oriculture industry.
MATERIALS AND METHODS

Establishment of aseptic cultures:
Pods of Exacum were collected from forest in Pannala, Kurunegala district, Sri Lanka. Pods of diploid plants were surface-sterilized by washing under running tap water (1/2 hour) and soapy water (15 minutes). Pods were then immersed in 70% ethanol for 3 minutes and rinsed three times with distilled water. Then pods were disinfected with 20% Clorox (Sodium hypochloride) for 20 minutes in the laminar air fl ow cabinet. Sterilized pods were then rinsed three times with sterilized distilled water. They were dried onto sterile fi lter papers. Pod coat was removed with sterile scalpels and pliers. The seed culture medium was prepared with only using 0.8% Agar with a pH of the medium adjusted to 5.8-6.0 with 1N NaOH or 1N HCl solution prior to autoclaving at 1.5 kgcm -2 for 20 minutes. The ten seeds were transferred into the prepared medium in 250 ml bottles and cultured in culture room under 25±2°C having 16 h/8 h photoperiod under cool white fl uorescent light with 1000-1300 Lux intensity conditioned room for two months. For the experiment, explants of diploid plants were taken from in vitro tissue culture plants and tetraploid plants were taken from in vitro cochicine treated tissue culture plants (Perera et al., unpublished) .
Eff ect of type of explants, BAP and 2,4-D on callus production in diploid and tetraploid plants
Two months old leaf and stem explants from aseptic plantlets were cultured on MS basal medium (Murashige and Skoog, 1962) with 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mgL -1 BAP with 0.1 mgL -1 2,4-D, and hormone free medium (pH-5.8) to initiate the callus (Inoka et al., 2014) . In cultures, leaves were cut into sections (0.5 cm 2 ) and placed on media with the adaxial surface touching the medium. Single node stems were cut into 0.5 cm pieces before introducing to the above media. Then callus induction time was evaluated and after one month of culture, area of callus (cm 2 ) was measured.
Eff ects of BAP on shoot proliferation from single node stem cuttings
The single nodal stem cuttings (0.5 cm) from aseptic plantlets were established on MS medium (pH 5.8) at six BAP concentrations (0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mgL -1 ) and hormone free medium (control). One month after establishment, the number of shoots produced per node and height of shoots were recorded and analyzed.
Eff ect of BAP on shoot regeneration from callus
The calluses (0.5cm 2 ) from stem cutting explants were established on MS medium (pH 5.8) at six BAP concentrations (0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mgL -1 ) and control treatment (without hormones) were used. After one month, the number of shoots produced per callus and height of shoots were recorded and analyzed.
Eff ect of IBA on rooting of develop shoots from single node stem cuttings
In vitro multiplied shoots were established on MS medium containing six diff erent concentrations of IBA (0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mgL -1 ) and IBA free medium. Number of roots per shoot and average root lengths were recorded at one month after transferring to the above medium.
In all the experiments, the cultures were incubated at 25±2°C with 16 h/8 h photoperiod under cool white fl uorescent light with 1000-1300 Lux.
Experiment design and Statistical analysis
Experiment was arranged according to the Complete Randomized Design (CRD). All experiments had repeated three times, each with ten replicates. Statistical analysis was carried out using Duncan's multiple range test at 5% level of SAS program (9.1.3).
RESULT AND DISCUSSION
Eff ect of explants and BAP and 2,4-D on callus production
In the present study, stem and leaf explants of E. ritigalensis were cultured on MS basal medium supplemented with various concentrations and combinations of BAP with 2,4-D for the induction of callus (Table 01) . Exacum tissue culture protocol is diff erent from other typical tissue culture protocols for callus induction. It needs MS medium with high level of cytokinin with low concentration of auxin (Inoka et al., 2014) . In both stem and leaf explants, callus initiation was signifi cantly the highest (P≤0.05) in MS basal medium containing 2 mgL -1 BAP and 0.1 mgL -1 2,4-D (Figure 01 , A and Figure  02 , A) for diploid and tetraploid plants. Callus inductions of stem explants were shorter (10-15 days) compared to leaf explants (15-20 days). Inoka et al., (2014) showed that the time taken to callus induction was 10-15 days from stem cuttings of E. sessile. However, in this experiment, there was no signifi cant diff erence between the time which had taken to initiate callus in both stem and leaf explants. Thimmayan et al., (2011) and Inoka et al., (2014) observed the highest callus production (1.4±0.5 cm 2 ) from MS basal medium with 2.0 BAP + 0.03 NAA mgL -1 . Alike as in this experiment Yunfei et al. (2012) demonstrated that 2,4-D is effi cient for callus induction in Gentiana straminea Maxim, a member of the Gentianaceae family. The callus formation of Exacum bicolor Roxb was more pronounced (80.03 %) in the MS basal medium supplemented with BAP and 2,4-D at 1.5 and 0.9 mg/L -1 respectively (Meethaley and Subramaniam, 2011) . Callus production from stem cuttings was higher than from leaves in both diploid and tetraploid plants. Similar results were observed from Unda et al., (2007) where callus from leaf explants of Exacum Styer group supplemented with 1 or 2 mgL -1 BAP in combination with low concentrations of 0.01 or 0.5 mgL -1 NAA. It has been reported that the position of the leaf from where explants are excised could determine the in vitro response and leaf sections obtained from the basal parts are the best (Haydu and Vasil, 1981; Tennakoon et al., 2015) .
Eff ect of BAP on shoot proliferation using single node stem cuttings
All the stem cutting explants responded to all BAP tested, (exempt 0 mgL -1 ) concentrations by shoot formation (Table 02) Figure 02 , B). In contrast to the results, the highest proliferation of shoots was obtained with MS medium containing 2 mgL -1 BAP for Exacum trinervium and MS medium with 1 mgL -1 BAP for Centaurium erythraea (FamilyGentianaceae) (Tennakoon et al., 2015; Ewelina et al., 2011) . The results of Rodica et al., 2016 showed that the medium with BAP was the most eff ective for obtaining the highest shoots from Lisianthus russelianus. (Table 02 ) as well as it was induced callus production of E. ritigalensis (Table 03 ). The best shoot regeneration in both diploid and tetraploid callus was showed in the media supplemented with 2 mgL Eff ect of IBA on rooting of E. ritigalensis shoots Except control treatment, diploid shoots of E. ritigalensis were responded to all other IBA concentrations used in this study. However, the IBA concentration of 0.5 mgL -1 did not promote the roots in tetraploid plant. Low concentrations of IBA showed reduced root formation in this experiment (Table 04) and it was quoted from Tennakoon et al., (2015) that the low concentrations of IBA were not eff ective for rooting of E. trinervium. The highest number of root and root length was shown in IBA concentration of 2 mgL -1 in both diploid and tetraploid plant (Table 04 ). The present results were justifi ed from Meethaley and Subramaniam (2011) for Exacum bicolor Roxb, Rodica et al., (2016) for Lisianthus russelianus and Tennakoon et al., (2015) for E. trinervium.
CONCLUSION
Results of the present study revealed that the single node stem cutting (0.5 cm) explants were found to be the best for callus induction comparing to leaf and root explants of diploid and tetraploid E. ritigalensis. The best callus production was observed within 19±2 days on MS basal medium supplemented with 2.0 mgL -1 BAP with 0.1 mgL -1 2,4-D. Diploid and tetraploid plants of E. ritigalensis shoot regeneration were observed from both shoot cuttings and callus of MS medium with 2.0 mgL -1 BAP. Root initiation was achieved from shoots/buds through direct organogenesis using 2.0 mgL -1 IBA.
